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EVALUATION OF THE AIR FORCY FLIGHT TEST CENTER
TAKE-OFF AND LANDING FACILITY

Ny ABSTRACT
Static and Dynamic Tests were condicted to evaluate the
AFFTC /Take-foff and landing Facility and to establish the degree
of accuracy that can be expected when the Facility is employed
to obtain aircraft performance data during flight testing. The
most accurate position data is obtained when a two.station Askania
_Theodolite Solution is employed. It was also found that, under
certain cmd:\.tima)set~»!‘orbh in this report,”the accuracy of the
data resulting from a single statim Askarrla},'rheodolite .8olution
approached that of the two-station solution.
The ,F;cility which was constructed under ARDC Project 6900,
Task 69000,<is described and the results of the evaluation test

are presented,
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INTRODUCTION
. The principal aim qf flightﬁélqting is to collect reliable data

m; my be used to develop an airplane and its particular systems
as well as to predict its performnce under standard and non-standard
conditions. Among the more important parameters are those of the
Take~Off & Landing Phases, particularly such items as:

a. Length of ground run on take-off for different weights
and configurations of the aircraft.

b. Distance to clear a 50-foot high obstacle, take-off or
landing.
~ ¢. Indicated and true alr speed at 1lift-off point, at
50 foot altitude and at touchdown.

d. Acceleration or deceleration during ground run.

e, Rate of sink on landing.

Since it is impossihle to obtain and record all of this data
within an operationmal airplane to the accuracy required, an indepen-
dent grourd based system must be employed. The system or facility
employed at the Air Force ¥light Test Center consists of two identical
stations, one of which is shown in Figure 1, Appendix "A", The
stations are located approximately one mile from the longitudiml
centerline of the runway and 8690 feet apart, Each station is
designed to accommodate two tracking instruments and synchronization
of all data is obtained by the use of the AFFTC Precision Askania
Range System of Electronic Timing (PARSET).

Geodetic positions of both stations and all target boards, with

respect to the min runway, were determined by a first order survey
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conducted by the Naticnal Engineering Company, Los Angeles, California,
on Contract AF Q,(611.)-2819. For refecrence purposes a summry of the
survey data is contained in Appendix B, Geodetic Data.

Prior to the installation c¢f the present system described in this
report, take-off and landing performnce data was obtained hy using a‘
temporary instrument station located on the Edwards AFB Cortrol Tower,
approximtely 50 feet above the ground. This single interim station
was inadequate to provide complete data of the required accuracy for

several reasons:

a. Complete coverage of the entire runway could not be

obtained.

b, Instrument was subject to vibration and instability of

the Control Tower structure.

¢. . Reliability and acecuracy of the tracking instrument was

reduced because of exposure to elements.

B EQUIPMENT

The present equipment usedl to instrument the Take-Off & Landing
Facility consists of one Askania Cine-Theodolite, one Akeley Cine-

Theodolite and one PARSET timing installation located in each station

‘together with the necessary radio equipment to provide two-way commu-

nications with test aircraft using the Facility, .

The Aslania Cine-Theodolite is a precision field type tracking
instrument capable of measuring azimuth and elevation angles and
recording these values on 35mm film while simultaneously photographing
the aircraft in the same frame of film. Figure 2, Appendix "A" 4s
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a sample of data recorded by the Askanla Cine-Theodolite, with the
azimutﬁ angle shown in the u'pper left corner and the elevation angle
in the upper right corner. The photograph of the target is used to
measure the angular difference between the recorded angles (optical
axis of the theodolite) and the line of sight to a references point
on the aircraft. This difference is then added algebraically to the
recorded angles, This instrument operates at a maximum of four data
frames per-second. The 100 ecm (40 inch) focal length lens employed
on the Take-Off & Landing Askania Theodolites provides a field of view
of 1923' x 2004' or a minimum area of 126 feet x 186 feet at a point
on the runway closest to the instrument. The field of view at other
points along the rurway is shown in Fig. 3, Appendix A. The angular
resolution of the data recorded on the film is .002 degree or 7.2
seconds of arec.

The Akeley Cine-Theodolite is a tracking instrument similar to
the Askania, but of smaller siie and lesser accuracy. ‘It is equipped
with a 27-inch focal length lens and will operate at frame rates of
4 to 20 per second. Angular data in this instrument is presented in
the form of counter readings which are recorded on the film adjacent
to the target frame, For a sample of this type of data see Figure 4,
Appendix A. The angular data recorded by this instrument can be
accurately read to .1 mil or 20.25 seconds of arc. These instruments,
when equipped with 27 inch focal length lenses, provide a field of
view of approximtely 29 x 26 mils or an area of 147 ft x 132 £t at

a point on the runway closest to the instrument.




The AFFTC PARSET Timing Equipment is used to receive timing sigmls
from tixe Askania Master Control Station., These timing signals are used
to trigger the data flash lamps and the shutters of both Askania Theodo-
lites simultaneously, print the time of expoéure in bimry code on each
frame of Askania Theodolite data and advance the time counter of the
Akeley Theodolites simultaneous with the flash and shutter of the
Askania Theodolites. The binmary code indicating the time of day as
11 hours, 42 minutes and 17.25 seconds can be seen at the lower edge
of the sample Askania data frame, Figure 2, Appendix A.

A slandby timing system, corisisting of an electronic intervalo-
meter, has been installed at each station as a back-up ti.ming system
control in case of equipment failure at either the Askania Master
Station or in the electronic timing equipment at the Take-Off and
Landing Stations.

The normal employment of theodolites to obtain space position
data requires the use of at isgast two instruments located at accurately
surveyed positions such as shown in Figure 5, Appendix A. In this
particular employment, the only known values are the length of the
baseline and the X, Y and Z coordinatea of each station. Point T is
oomputed by triangulation using the known baseline A-B and the measured

--angles Gy and Gyy. Altitude h is computed by solving either of the
two right angle triangles, AZ‘I‘3 or BZTB. Dataila of the complete
data reduction process for multiple station solution are given in
Appendix D.




In addition to the multiple station solution described above,

the fix.ad perpendicular distances, Py and Py, Figure 6, Appendix A,
allow take-off and landing performnce data to be obtained by using
only one station, The use of single station solutions, however,
:lmpfj:g e/ev__ert;l requi rements that must be met to obtain accurate data,

a. -Tesvt aireraft must stay on the centerline of the rurway,
aAny deviation from the rumway centerline will result in a data error
proportional to the deviation and the distance along the rurway. As
an example, a 5-foot deviation from the centerline would not create
any error when the aircraft wis on the station perpendicular (Pg, Py),
but when at a point half-way down the rumway, the error in distance
along the runway would be approximtely equal to the deviation,

b, If the data area extends more than 8000 feet down the
rurway, both stations must be used and a transition made from one
station to the other during the overlap area shown in Figure 5,
Appendix A,

The solution of single station data requires only the solu-
tion'of succeeding right angle triangles such as shown in Figure 6,
Appendix A, wherein the porpendicular Pp or Py 15 a constant value
and each succeeding value of Ay or Ap is used. The complete single
station solution formula is contained in Appendix D,

SINGLE STATION V3 TWO STATION SOLUTICNS

The cholce of sinple or two station solution is a decision that
must be made by the project engineer requesting the data based on the
following comditions:
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a., Accuracy of Data.

As reflected elsewhere in this report, the greater accurmacy
is obtained by using a two station solution. If the optimum accuracy
of the present system (two-station solutim) is not required; a single
station should be used, thereby minimizing the data reduction workload
as shown in paragraph b below, |

b. Time Requirea for Data Reduction.

The processing and computation of raw film data fo position
amd velocity informtion is the most time consuming step in the
delivery of usahle data to the data requestor. The average data

processing times are as follows:

FIGHTER TYPE AIRCRAFT

Solution Take-Off or Landing Take-Off and Landing
1 Station 2 days 3 days

2 Station 3 days 4 days

BOMBER OR CARGO TYPE ATRCRAFT

1 Station | 3 days 4 days

2 Station 4 dayn 4 days

Thus the data requester must balance the desired accuracy of the
?.’_e’g_t._fda_tga,_ingainst the time required to process the information
and return to the requester,

DESCRIPTION OF TESTS AND RESULTS

Tests of the AFFIC Take-Off and Landing Facility were conducted on
2 Novenber 1957 to determine the étatic and dymmic accuracies of the
system. A van type truck, as shown in Figure 2, Appendix A, equipped
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with two lights located 19.5 feet and 9.53 feet above ground level

A

was used as the target for all tests.

STATIC TEST

During the static portion of the test, the truck was first posi-

tioned at the east end of the runway and then at 1000 feet intervals

along the rurway until the length of the rumway had been traversed.

This resulted in data being taken at a total of sixteen points. The

truck was positiomed on the centerline and as close as possible to

the 1000 feet interval markers. Any offset from the mrkers was

measured and recorded by an observer in the truck.

As all available informtion indlcate that the 1000 feet interval

mrkers are accurately located, the following results, based on this

assunption, were cbtained:

2 STATION SOLUTIONS
Askarnia
Akeley

West Aokania
Full Runway
7 to 15,000
East Agiands
Mull Runway
0 to 8000
Yoot Akeley
Pull Rumsay

7 to 15Kk —

0.54 foot, Average error

0.96 L " "

1.25 feet Average error

0.66 foot " "

0.77 foot Avevmgo error

o. 57 L] " "

1.38 feet Average error

1.00 foot boon

1.50 feet mximum error
3.6h " " L]

5,97 feet mximm error

1.39 " " ) "

2.18 feet mximm error

2.8 " . "

L2 feat maxdmum eror

2,20 " " »




g

SRR

East Akeley

Full Ru;may 0.57 foot Average error 3.58 feet maximum error
0 to 8000 0.40 " " 0.80 foot " n
Complete results of this portion of the test are shown in Figures 1 and
2, Appendix C.- '

Data was also taken to determine the resultant error, if the airecraft
was off the centerline and a single station computation was made. Tﬁe
target truck was positioned at the north and south edges of the midpoint
of the runway. The possible errors indicated by this test are shown in
Figure 3, Appendix C, and verify previous theoretical calculations,
Figure 4, Appendix C.

A first-order survey computed the elevation or altitude of Data
Point No. O (east end of rurway) to be 2281.0 feet. Construction
details specified a slope to the east of ~0.1408 +0,002% or -21 feet
20.3 foot in the 15,000 feet length of the rurway. Inspection of the
runway after construction revealed the slope to bs within the 'specified
tolerances with slight deviations occuring in the individual sections
of the runway due to‘ varying coritions at the time of pouring each
section, With this information the computed two station Askania and
Akeley data was compared with the theoretically correct elevationsv
along the runway and the results are shown in Figure 5, Appendix C.

Due to the single station solutions not providing a computed height
above sea level, but rather a relative height above the first data
point, these solutions were not included in the canparison above.

It is possible, however, to campare the slope of the rMy as computed
by both single and two station solutions. This comparison is found in
Figures 6 and 7, Appendix C. )
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It is readily apparent that the smoothest curve and the one closest

to the o.iao% standard is provided by the two (2) station Askania solution.
Of the single station solutions, the smoothest curves are provided by the
Askania data.

The accuracy with which the Askania and Akeley systems could measure
a known distance was determined by comparing the data computed by both
systems on both lights on the target truck. The measured distance between
the lights was 9.9 feet. The tabular and graphic presentations of this
comparison are shown in Figures 5 and 8, respectively, of Appendix C.
The maximum deviations from the known value wore 0.82 foot for the Askania
data and 1.5 feet for the Akeley data.

Offset data, see Fipure 7, Appendix A, was recorded at each end
of the runway, as well as at data points located 4000 feet, 7000 feet
and 11,000 feet from the east end of the rurway. This_ data was for the
purpose of determining if any error would result if the operator did
not keep the target centered. Inspection data on the particular lenses
show the lenses to Se linear across the field of view, therefofe, the
errors shown below are contribuied by: (a) Small inaccuracy in the film
reading equipment and/or (b) Inability of the film rmder“to select the
same poirmt on the target every frame. This test indicated ﬁhe following
errors between the offset target data and the data computed with the
target in the center of the field of v‘iew.:

STATION SOLUTIONS

Average Error Maximum Error
Askania 0.86 foot 1.50 feet
Akoley 1.2, feet 2.85 feet
9
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STNCLE STATION SOLUTIONS

\

Average Error Maximun Error
West Askania 0.83 foot ) 2,07 feet
East Askania 0.35 foot 1.52 feet
== 77 West 'Akeley 2,68 feet 11.36 feet
East Akeley 0.82 foot 1.55 feet

DYNAMIC TEST

The dynamic portion of this test was performed by driving the
target truck at a constant speed of approximtely 30 miles per hour
down the centerline of the runway and recording data with all instru~
ments during the time the target truck was traveling from the 7000
feet:‘_p\axtlfer to the 9000 feet marker. Data for a period of 30 seconds
Aznm;.hia area was reduced and the velocity data computed from both the
Askania and the Akeley Theodolite data is presented in Figure 9,
Appendix C, and shown graphically in Figure 10, Appendix C.

From this graphical illustration it is readily apmrent that the
velocity data camputed frorﬁ Askama data is oonsiderably smoother than
that canputed from Akeley data.

The maximum velocity changes between points as shown by these

curves are:
2 Station Askania Solution .63 foot per second
2 Station Akeley Solution - 4.37 feet per second
1 Station Askania (West) Solution 1.56 feet per second
1 Station Askania (East) Solution 1.04 feet per second
1 Station Akeley (West) Solution 3.10 feet per second

10
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1 Station Akeley (East) Solution 5.17 feet per secomd
When 3 point smoothing was applied to the velocity curves shown
in Figure 10, Appendix C, the maximum difference between the raw

velocity curve and the smoothed curve was:

2 Station Askania 0.35 foot per second
2 Station Akeley 2,65 feet per second
1 Station Askania (West) 0.87 foot per second
1 Station Askania (East) 0.68 foot per second
1 Station Akeley (West) 2,06 feet per second
1 Station Akeley (East) 3.10 feet per second

REPEATABILITY OF DATA

Film data from the dynamic portion of the evaluation test was
also used to determine the repeatability of different Data Reduction
personnel in reading the film, Figure 9, Appendix C, also shows a tabular
comparison for the canputed data that resulted from fourvdifferent persons
reading the same raw Askania and Akeley data. From resuits of this reading
test, it is obvious that the ieadability of the film is very good, as in

the ma jority of cases the spread of four different computed 2 station solu-

_ tions was approximately 0.2 to 0.3 foot per second for the Askania data

and 0,3 to 0.4 foot per second for the Akeley data.




CONGLUSIONS -
,_#,.Ihel/fdllowing conclusions are presented, based on the results of
this evaluation:

a. The most accurate position data on an aircraft using the
Edwards AFB runway for take-off ami/or landing will be obtained when a
two station Askania Cine-Theodolite solution is employed. The accuracy
of the data will be better than # one (1) foot. Data of comparatively
equal accuracy will be obtained by a one station Askania solution,
provided the aircraft does mot deviate from the centerline of the runway
more than one (1) foot, and the take-off and clirb to 50 feet altitude
or the descent from 50 feet altitude and the landing are completed in
the half of the runway closest to the station that is used.

b, If a single station solution is employed and a deviation
from the centerline does occur, the resultant error in the camputed
position of an aircraft along the rumway will be proportional to, but
less than the deviation during the time the aircraft is in the mlf
length of the runway closest to the station that is used,

¢. Altitude data of a-aircraft during a take-off and/or
landing can be ccupubed from two station Askama Cine-Theodolite data
to an accuracy of better than + one (1) foot. If a single station
solution is employed, any deviation from the rurway centerline 1is
reflected in the altitule data, proportioml to the deviation and
the altitule of the atreraft.

d. Accuracy of the oomputed data is not adversely affected
by the target being off-center in the data fmme. T.ho averape error
tat resulted wvhen the tarpet was at either oxtrone edre of the data

frame was less than one (1) foot.

12




e, Without any smoothing applied, velocity data can be obtained

by the Askania Cine-Theodolite to an accuracy of *1.5 feet per second.
With three point smoothing applied, the accuracy is increased to +0,9
foot per second, As the velocity variations indicated above are a result
of error in determining the distance between daéa points, the variations
will remain at this value and will not increase with higher velocities,

f. The ability of Data Reduction persomnel in reading data
from film is excellent. Magnitude of spread in the fiml data as a

result of different persons reading the same raw data is insignificant.

13
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RECOMMENDA TIONS

The' following recommendations are mades
a. Tmt the use of Akeley Cine-Theodolites be discontinued
and that a second Askania Cine-Theodolite be installed in each tower,
b, That a higher frame rate camera mechanism be installed in
the‘Aalania Cine~Theodolites as soon as possible, Until these mecha-~

nisms are available, it is recommended that lémm movie cameras, with

time  correlation, be used to accurately determine the point of touchdown

or lift-off.
¢s As an additional improvement, aided tracking and operator
seats be installed in the towers to reduce the tracking error, which in

turn would reduce the data reduction time,

15 ‘
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Figure 1
Figure 2
Figure 3
Figure L
Figure 5
Figure 6
Pigure 7

APPENDIX A
JLLUSTRATIONS

Front View of West Tower

Askania Cine-Theodolite Frame

Askania Cine-Theodolite Field of View
Akeley Cine-Theodolite Frame

Typical Two Station Theodolite Solution
Typical Single Station Theodolite Solution

Askania Frame Showing Target Offset from
Center of Frame
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ST TOWER, TAKE-OFF AND LANDING FACILITY
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FIGURE 4, APPENDIX A
AKELEY CINE-THEODOLITE FRAME
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Figure 1
!liguro 2
Pigure 3
Pigure 4
Figure 5

Pigure 6

AFPENDIX B
SURVEY DATA
Sunmary
Supplement to Summary

Sketch of West Tower Pedestals

Sketch of East Tower Pedestals

Sketch of East & West Towers Showing Azimuths,
Distances and Angles ,

Sketch Showing Relation of Rurway, Stations
and Towers
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APPENDIX C
TABUIAR AND GRAPHICAL DATA
Tabular Listing of Distances Betwsen Data Points
as Computed by One and Two Station Solutions.

Plotted Errors in Measuring Distance Between Data
Points

Possible Error due to Deviation fram Rurway Centerline

Predicted Position Errors with "Otr-Center" Aircraft
Referenced to Rurway Centerline

Elevat ion Comparisons - 2 Station Solutions

Rurway Slope - Tabular Data

Runway Slope - Graphical Data

Errors in Measuring Known Vertical Distance

One and Two Station Velocity Computations - Tabular
One and Two Station Velocity Computations = Graphical




!
l FROM/TO %ﬁiﬁg fSl?AT:I.A ERROR fxggi ERROR A&Eign
l 0-1 /’—;.025.“- 1024,90 + .51 102..77 =3.64 1025.57
1-2 999.66  999.75  + .09 998.08  -1.60  999.23
}_ 2-3 999.8, 1000.10  + .26 999.24 = .60 994,07
. 3= 1000, 50 999.48  -=1.02 100017 = .33  1006.47
L hes 999.50  999.30  -.20 99906  -.3h  999.23
I 5=6 1000.00 999.86  ~ .14  1000.28  + .28 1000,27
6=-17 999.84 999.36 - 48 999.86 + .02 999.23
i 7-e 100041 100089  + .48 999.36  -1.05  1001.30
8-9 999.75 999.11 = .6k 999.36 = .39 998.73
9-10  1000.08 999.3h = JTh  999.90  -.18  999.75
©20-11 100006 99954 - .62 999.25 -1 999.75
‘ 1N-12 100016 100032 4+ .16 1000.37 ¢ .2 1000.78
| 12-2 999.59 998.09 <150 997.27  -2.32 998,20
13-14  1000.08 999.49 = .59  1001.99 41,91  1000,27
T U - 15 800.00 799,29 - .7 799.32 - .68 800,42
e WL
- | AVG W ex




EAST WEST O mer
ERROR  ASKANI  ERRGR  AKELEY  FRROR  AKELEY  ERRR
+ 26 102462 -.79  1030,23 414._3; 102460 - .80
-3 998 +.18 100131 65 9931 - .35
ST 9.8 .01 995.96 388 99982 - .02
+5.97 998.32 -2.18 999.76 - o7h 1000735\v + .35
-.27 100032 ¢ .82  1000.28 4+ 78 99879 =.m

: P N

P e ome -6 9m L 100034 e %
- -6l 99983 -.01  1000.28 ¢ .44 999.31 - .53
I + .89  1000,87 ¢ .46 998.21 -zlzo 100033 - .08
02 99932 =3 999,25 =50 99931 = Lk
3 - .33 100087 .79  1000.27 ¢ 19 999.e2 -',zs

-l 99932 -8k 999.25 -9 999.82 .3
) + .62 100035 ¢ .19  1000.28 l» 12 999.83 = ,33
=1.39 998,80 = .79 997.69  =1.90 999.30  =.29
4.9 100,90 41,82  1001.83 41,75  1000.34 ¢ .26
. 2 802,04  +2.04 800.43  + .3 803.58  +3.58

gt

1,257 7 AVG W77 1.38 . 0.57
5.97 MIX 2,18 4L.82 3.58
0,66 AVOE G 0.57 AVOWEX 1,00 AVGR eX  0.40

TABULAR LISTING OF DISTANCES BETWEEN DA POINTS
A8 OOMPUTED BT ONE AND TWO STATION SOLUTICRS
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FIEVATION COMPARISONS -~ 2 STATION SOLUTIONS

) LOWER LIGHT #* UPPER LIGHT*
Ground *

Data Peint Elevatien Agkania Akeley Askania Akeley
} 0 2281.0 43,60 +2.1.  +3.0 +2.6
; 1 2262.1, +3.27  +1.9 3.3 21
g' 2 2283.8 +3.35  +1.8 *3.1 1.8
3 | 2285,2 43,23 +L.5 3.2 1.6
], b 2286.6 43,01 417 2.8 L5
| 5 2288.0 4301 4L9 s2.9 1.8
6 2289.4 43,27 +1.8 +3,0 1.8
{ 7 2290.8 13.22 42,1 +3.5 2.1
8 2292.2 | 43,22 - 2.5 +3,2 3.0
| 9 236 349 43l 33 33
: 10 | 2295.0 43,22 43.6 3.3 36
,\ | 1 22964 +3.57  +43.6 3.8 3.6
o1 297.8 +3.30  +3.b 3.2 3.
13 | 2299.2 4333 kel 2.7 b3
| w2300 +3.08 3.3 3.9 3.4
‘. 1 2302.0 .72 456 3.5 Akl
| | Avg 3.268 Avg 2.8 Avg 3,23 AvgZ.TL

ELEVATTION COMPARISONS - 2 STATION SOLUTIONS

®  Constant slope ef 0,140% assumed
#n  Adjusted 9.5 ft, height of light above rumwny
AR [ ] 19.5 " n ] " " "

Fipure 5




RUNWAY SLOPE - FEET/1000 FEET OF RUNWAY
l 2-STATION  2-STATION WEST FAST WEST  FAST
.. ASKANIA AKELEY ASKANIA  ASKANIA  AKELEY  AKELEY
Data Point #0, East 0 0 0 0 0 0
| 1 1.07 0.90 1,20 0 1.34 -0.19
] 2 1.48 1.30 1.27 3.40 1.66  0.85
~. 3 - X.28 1.10 1.40 0.17 1.75 0.27
j' L 1.18 1.60 1.66 2.1 1.20 1.63
i | 5 1.80 1.60 1.21 0.78 1.78 0.92
I 1.30 1.17 -0.23 1,12 1.27
| 7 1.35 1,70 1.55 3.5 L34 1.7
| 8 1.40 1.80 1.19 1.52 1.51 1.72
9 1.67 2,00 1,61 112 113 2.39
| 10 1.13 1.90 0.96 1.31 1.30 2,13
1 1.75 1.40 1.47 1.70 0.99 1.31
12 1,13 1.20 1.13 0,67 1,09 0,92
13 1.43 2,10 1.45 1.23 1.54 2,36
TR 1.15 0.60 1.1 1.52 0.68 0.17
15 1.04 350 1.23 0,37 1.09 3.59
|
P
|
,1

FPigure 6
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: : . SINGLE STATION
: TWO STATION SOLUTICNS SOLUTIONS
3 e ‘ West East
" Data Point Askania #1 Askania #2 Askania #3 Askania #4 Askania Askania
E #. 4375 43.67 43.59 43.89  143.38
. 2 I‘303h 1}3052 103'1#1 ll-3038 !43.38
3 43.67 43.73 43.60 13,76 42.38 43.90
. . h w.lﬁa . ‘03019 \ 103 ol&? - Moh‘- 102086
5 43.51 43.62 43.29 - 43.38 L2.90
) 43.01 13.12  43.15 L3.11 42.86 43.30
7 43.29 43.00 L3.26 43.28 43.38 43.90
| 8 13.87 13.13 12,95 12.96 123, 12,86
9 43.35 43,32 43.22 43,50 43,38 43.38
10 43,38 43.30 43.40 43,09 bl 42,86
|- 1 43.35  43.33 43,43 43.37 12,86 143.90
12 43.81 43.82 43.65 43.69 43.89 43.38
13 43.18 43.28 L3.41 43.35 42,86 43.90
{ 1, 13.70 43,72 '13.59 43.70 NN 13.38
' 15 43.70 13,8, 43.92 43.85 43.37 43.89
16 43.18 43.95 43,00 42.88 43.38 12,87
. 7 43.68 13 .65 43.71 43.93 . 13.89 43.90
\ 18 - - - - k287 - -
19 - - - - L2.86 -
20 l&3013 “3'33 103009 1&3 0108 l&3.86 l‘3.89
1 . a l;3.8h lb3¢62 1030 914 1&3“14-9 ll2¢89 ’4\3090
22 B2 43.38 43.29 43.68 12,38 43.90
23 13.67 43.60 13.75 43,56 42.89 aago
2l L3.67 13.87 43.81 13.73 42.90 43.38
25 43,11 12,97 143,10 43.04 42,86 42,86
26 42,76 42.89 12,87 12,72 43.38 42,87
27 ’02060 ll2032 hzaltlt 1‘2055 ‘&1'082 ‘l2086
1 28 11.26 11,62 .37 .22 Q.32 .8,
29 ’02012 - l;l.82 l&lc‘]j ‘0203[0 1020310
30 w.65 - 100078 l,O-SI‘ ‘00-80 l’0029




£ T T
SINGLE STATION
TWO STATION SOLUTIONS SOLUTTONS
i West East
Akeley #1  Akeley #2  Akeley #3  Akeley f,  Akeley  Akeley
’03075 43.55 43.55 43.62 l¢2.86 [N A S
| 13,77 13.85 1,01 43.99 Myl 43.90
i 45,05 1 .95 1479 Lh. 77 ) YA
i 42 .4y 42,54 42.50 42,52 13.89  41.32
13.26 13,25 43.33 43.24 11.83 1493
) 13.17 43.05 43.17 43.03 52.86 | 42,86
; 12.23 42.32 42,12 42.39 .83  43.38
L 23 by o34 LL.T5 Lh.32 . LL.93  43.38
. 43.87 43.85 43455 13.85 13.38  Ah.h2
i 12.85 12.68 12,59 42,76 13.37 42,35
42,18 42,90 12,8 12,73 12,87 k2.3
W3 W2.93 43.00 42.88 42.34 43,38
]‘ 4495 14,63 LA Th L. 86 45. L4 Lk b2
I 43.05 13.17 13,2 43.16 12.87  13.89
13,94 13.85 13.69 13.81 43.37  Lhoh2
11,51 41,65 11.56 L1.64 42,87  40.28
45,91 146,02 16.20 45.87 45.96  L5.45
142,33 42.06 42,09 142,40 12.86  k2.3L
13,53 13,58 13,62 13.50 52,34 Lh.93
| 13,28 13.35 43.33 43.33 42.35 Iy 12
" 15,29 I 75 45,14 45,17 L5.4,  bh.93
, 42,31 42,87 1§2.27 42,21 42.35  42.35
) o 142,97 12.85 42.86 42.90 42.86  43.38
. L. 02 Lhy.22 1, .28 44,.28 13.89  44.93
143.67 13.72 13.63 3.7 1, .93 41.31
~ 12,49 42,5 42,65 12.34 52.35 42,87
1 1.7 41.40 L1.57 41.56 40.79  L2.86
11.22 11.37 11.60 11,48 40.80  42.35
1335 - h2.92 42,95 12,81 13.89  41.31
] : - 140.33 40.70 WG 26 40,77 11.32  40.29
)' VELOCITY COMPUTATIONS

FIGURE 9 APPENDIX C
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AFVEMDIX D

DATA REDUCTICN PROCFDURES

Single Station Askinia or Akeley Solution

; Multiple Cine-Theodolite Position Reduction

At




APPENDIX D

SINGLE STATICN ASKANIA CR AKELEY SOLUTION
" The employment of single station solution of take-off ani/or

landing data requires that several facts be assumed as stated previously
in this memorandum.

The foilowing formulae are used for single station solutions:

DISTANCE (alang rumway) = tan (azimuth angle - Orientation
angle) x theodolite offset

HEIGHT (:30{:“;&1‘;:2‘51' ) ._tan_Elevation angle
cos (Azimuth angle-orientation angle)
x theodolite offset

DISTANCE (along rurway) is the distance almg the centerline of
the runway measured from a point on the centerline from

3 which a perpendicular line would pass through the center
of the west pedestal in the West Tower.

AZIMUTH AND ELEVATION ANGLES are dial readings plus tracking
and leveling corrections.

CRIENTATION ANGLE is corrected azimuth angle to the orientation
target located on a line originating at the tower and
being perpendicular to the centerline of the rurway.

THEODOLITE OFFSET is horizmtal distance from the center of the
thecdolite to a point on the centerline of the runway

which, if c¢mected, would be perpendicular to the
centerlins.

HEIGHT is referenced to the point of take-off or touchdown.
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MULTIPLE CINE.-THEODOLITE POSITION REDUCTION

1. Zero Point corrections for the azimuth and elevation dials
and a collimation correction (the distance between the center of the
£ilm frame and the intersection of the lens axis with the film frame),
are computed from shots of the targets. The target shots are made with
the theodolites in direct and inverted positions.

2, The zero point corrections are added to the azimuth ard elevation
dial readings of each frame,

3. The X and Y tracking corrections in film reading machine counts
are converted to actual distance in millimeters on the film frame. They
measure the distance of the object being tracked frum the center of the

film. Next, the tracking corrections, tyz and tgy, in radians are computed
and added to the Az and El angles.

tyz = -m?mn;; sec E1(1 + Imm tan K1)

Finm
Xmm 2
T, .(ﬁm) tan EL

YEL * Fmn 3
F is the foral length of the lens.

4 Corrections for earth curvature, Cpz and Cgl are next computed
and adied to the Az ard El angles. '

Gyz =Csin (Az - 0) tan EL

Cgp, =-r>cos (Az - 0)
ol 1s the angle between the thec*wlite and the zero point of the range
measured at the center of the earth. 0 is the angle to the origin
measured at the theodolite,

5. Given these corrected Az ard El angles, an approximte position

of the object is omputed. The refraction of air correction is computed
and added to the elevation angle.

re - Aﬁz e"‘ah' (&h + e"ﬂh _,1)
a

A is a constant 2,77 x 10-k

a is & constant 3.16 x 10°7

h is the height of the cbject above the theodolite (A altitude)
h! is the altitude of the theodolits, MSL

et T e T




d 18 the horizontal distance from the theodolite to the cbject.
r is the refraction correction in radians
6. The fiml XYZ is camputed from the Az and El of all cameras,

given: from each of n theodolites where 4 is a theodolite number,
1<1<n; Azg, Bly, Xg5 Ty 2y _

to find: the closest approximtion to the location of the object
tracked Xo, Yos 2o

aolvet Three simultaneous linear equations

[
2 n n ] \n
?;L-l (1-37)% * :{—1- (=3ymy T, * 12-‘—1 (-31my )2, = é—;‘i - :‘-:1 3Py

n n A
g (=3amg )Xo * P_; (l‘mi)Yo * 121 (-myny )2, = Elyi = él miPy

(= )X*S;( )Y*?l(l-z)z-z -
121 Jing %o & ~myny Mo & nyléo & %3 & n4py

wheret Jj = cos Ely ~ws Azy
my = OB El4 sin E1,
ny = sin El4
Py = daXy *MeTy t MyBy
These three equations are solve.d by a mtrix routine.
7. Altitude MSL = Zg + d2 . re d is the horizontal distance of
the object from range Zero angR R 1s the radius of the earth.

8. Velocdity is a simple first difference.
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FTF 2 cys

FIFE 1cy

PIFEE 10 oys

FTFER 1oy

FTFO ~ 2cys
" FIFP 1 oy
i FTFF lecy
L FTFFP 7 cys

FTOP 1 ey
l Plus fifty (50) additional copies

A e sEme e




